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 3 
Abstract 4 
 5 
In recent years climate change and environmental issues have attracted worldwide 6 
attention and local, regional and national authorities, as well as policy makers, have 7 
accelerated their efforts to identify suitable emission reduction policies and measures. 8 
According to the UK Department for Transport, around a quarter of domestic carbon 9 
dioxide and other greenhouse gas emissions can be attributed to transport. Therefore, the 10 
UK Government has mandated reductions of 67% by 2050 over 2010 levels. This paper 11 
investigates car users’ attitudes to and awareness of climate change to gain further 12 
understanding of how those attitudes relate to their travel behaviour. A comprehensive 13 
analysis of the British Social Attitude Survey (BSA) datasets of 2011 and 2014 was 14 
achieved by using a multi-faceted analytical approach which included Exploratory Factor 15 
Analysis (EFA), Multiple Correspondence Analysis (MCA), Hierarchical Cluster analysis 16 
(HCA) and Multinomial Logistic Regression (MLR). The dimension reduction process by 17 
means of the EFA has resulted in three main factors: “traffic awareness”, “perceptions and 18 
actions, and “environmentally sensitive”. The HCA and MCA resulted in seven clusters 19 
that were based on car users socio–demographic and travel behaviour variables. The 20 
outcomes from the EFA, MCA and HCA were analysed further using MLR methods to 21 
investigate respondents’ perceptions in greater depth and to relate them to their travel 22 
behaviour. These were used as main variables in the MLR analysis. Although 81% of 23 
respondents agreed that human actions are partly responsible for climate change impact 24 
as per the initial descriptive analysis, the MLR analysis revealed that the group described 25 
as ‘middle-aged males and females in full time employment’ and ‘older-aged males in 26 
retirement’ in 2014 exhibited an increased likelihood of holding a positive attitude towards 27 
“perceptions and actions” regarding climate change than the similarly described cohort in 28 
2011. Intervention mechanisms to encourage mode shift to sustainable modes would be 29 
more likely to achieve success if tailored to this group.  30 
 31 
1. INTRODUCTION 32 
 33 
Transport is considered a driver for economic growth given its role in moving people and 34 
goods across regions and cities (DfT, 2014), yet transport is also a major source of 35 
greenhouse gas emissions. The transport sector was responsible for 14% of global 36 
greenhouse gas emissions in 2010 and accounted for approximately 23% of energy-37 
related emissions (SKTP, 2016). Emissions from transport have increased rapidly 38 
regardless of some significant CO2 reduction measures implemented to different degrees 39 
across the world. Low carbon transportation systems offer significant mitigation potential, 40 
enhancing growth in traffic and development of areas and regions while reducing 41 
economic, environmental and social costs. SKTP (2016) emphasized that transportation 42 
and mobility are essential to sustainable development and went on to recommend that 43 
municipal governments, local and regional authorities need to be proactive in initiating 44 
sustainable transport systems when setting a vision for reducing carbon. 45 
 46 
With the approval of the Climate Change Act 2008, the UK became the first country in the 47 
world to set up a long-term target for reducing greenhouse gas emissions (GHG); for 48 
example, at least 80% reductions by 2050 over 1990 levels (NIRS, 2000). While changes 49 
to the climate can occur due to natural processes, the effect of man-made GHG is 50 
responsible for recent upward shifts in global temperatures and transport use plays a 51 
major role. 52 
 53 
In 2012, 21% of the UK domestic GHG were due to road transport (DfT, 2014). This 54 
higher share means that no climate action plan can be successful without the inclusion of 55 
transport plans. A reduction in vehicle kilometres travelled by motorised vehicles, by 56 
delivering a modal shift towards sustainable modes, is necessary to meet the carbon 57 
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target (DfT, 2009). Undoubtedly the growth in car ownership, demand for personal 1 
mobility and traffic congestion generates negative impacts on the environment (Susilo et 2 
al., 2012). Several policies and interventions such as Travel Demand Management, also 3 
called Mobility Management, have been introduced in the UK and overseas over recent 4 
years to minimise travel-related impacts on society and the environment. The emphasis 5 
on these policies has been changing significantly in recent years with particular attention 6 
being paid to environmental aspects (Tight et al., 2005; Chapman, 2007; Marsden and 7 
Rye, 2010).  8 
 9 
As a result, the modal shift towards sustainable alternatives, including cycling and walking 10 
as well as public transportation, gained more attention in recent policy proposals in the UK 11 
(DfT, 2012). Under the Local Transport Plans (LTP) initiatives, the Local Authorities (LA) 12 
in the UK work towards achieving emission reduction targets by promoting public transport 13 
alternatives, supporting the market for low carbon transport and encouraging travellers to 14 
move from fuel-hungry vehicles to low carbon vehicles (DfT, 2012). Increasing awareness 15 
and nurturing an understanding of climate change and its effect on each individual in our 16 
society is a great challenge. On the other hand, it is questionable whether raising 17 
awareness alone would be sufficient to change travel behaviour. Previous research brings 18 
mixed responses to this question: for example, Anable et al. (2006a); Susilo et al. (2012); 19 
and Ho et al. (2017), and this will be discussed in Section 2.  20 
 21 
Whilst previous studies examined the effect of travel behaviour, attitudes, the connection 22 
between them and their relevance to mode choice decisions, there is a lack of research in 23 
the area of travel attitudes and their relation to the environment. This study has 24 
considered the influence of travel attitudes on travel behaviour and whether or not 25 
travellers take into account climate change and environmental issues when making their 26 
mode choices, with particular attention to car users. Given that travel by car is the least 27 
sustainable compared to the other modes, as well as the damage it causes to the 28 
environment, this study focuses on car users. Due to the convenience, privacy and 29 
comfort that cars offer to travellers, influencing behaviour change is a challenging task. 30 
For this reason, it is vital to explore and identify the groups of car users who are most 31 
likely to change mode to sustainable modes. This will provide very useful information to 32 
local authorities (LAs), as future policies and marketing campaigns can then be tailored to 33 
relevant car user groups.  34 
 35 
The overarching aim of the research reported in this paper is to investigate car users’ 36 
attitudes to climate change and to explore whether attitudes change over time. This 37 
research makes several important contributions in the theoretical and practical domains 38 
by focussing on attitudes and perceptions of car users towards climate change. The data 39 
used for this research were from the British Social Attitude Survey (BSA), predominantly 40 
categorical and, therefore, careful attention was given to setting up the methodological 41 
approach for data analysis and modelling. A multi-faceted four steps approach to the 42 
analysis was adopted to systematically analyse categorical variables.  43 
 44 
This paper begins in Section 2 with a critical review of previous research to investigate the 45 
connection between transport and climate change, followed by research questions in 46 
Section 3. In Section 4 the data used for this study are described. Next, attention is 47 
directed to research methods used in this study, covering factor analysis, MCA, cluster 48 
formation, and finally logistic regression modelling in Section 5. Section 6 presents the 49 
results of the data analysis and the research findings are discussed. Finally, in Section 7, 50 
the paper draws conclusions and makes recommendations. The specific application of 51 
MCA to transform and cluster categorical data in this analysis is novel. 52 
 53 
2. PREVIOUS RESEARCH 54 
 55 
This section highlights previous studies which have quantified the challenges, attitudes to 56 
climate change and travel behaviour and how policy might be used to influence behaviour. 57 
 58 
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2.1 Transport and Climate Change: What are the challenges? 1 
 2 
The “Stern Review” on the Economics of Climate Change emphasised the need for  3 
immediate action to alleviate GHG, as the benefits of bold, early action considerably 4 
outweigh the costs if delayed (Stern, 2006). Accordingly, the total cost of climate change 5 
was estimated to be equal to a drop of at least 5% of global gross domestic product each 6 
year if no further action is taken. Thus, climate change is one of the biggest challenges 7 
that we face today. Car use, road freight and aviation are seen to be the major 8 
contributors to GHG (Chapman, 2007).  9 
 10 
Waterson et al. (2003) identified a significant modal shift to public transport as an option to 11 
reduce CO2 emissions from road transport and ‘zero-carbon’ alternatives, such as walking 12 
and cycling, are worthy alternatives. However, it was acknowledged that changing 13 
attitudes concerning dependency on private transport will be a great challenge. In the UK, 14 
a quarter of all car trips were short distance journeys under two miles (Mackett, 2000). 15 
Such short trips can easily be made in a more sustainable way by walking or cycling by a 16 
high proportion of the population. Ryley (2001) stated that 89% of drivers surveyed agreed 17 
with the statement, ‘‘I would find it very difficult to adjust my lifestyle to being without a 18 
car”. This indicates that behavioural change is a big challenge as society has largely 19 
become overdependent on car use.   20 
 21 
In order to achieve the GHG targets from the transport standpoint, behavioural change 22 
brought about by suitable policies will be vital (Chapman, 2007). Integrating transport 23 
policy and social psychology were recognised as important to help drivers move away 24 
from their cars (Stradling et al., 2000) onto more sustainable transport modes. While 25 
technological solutions offer ways to achieve the targets attached to climate change over 26 
the longer term, there is a pressing need to achieve change in short-term behaviour and 27 
travel habits through current policies (Anable, 2005; Boardman, 2005; Chapman, 2007). 28 
 29 
2.2 Travellers Attitudes to Climate Change: Do they influence behavioural change? 30 
 31 
People fail to achieve anticipated behavioural changes if they have no beliefs or 32 
perception. Perception leads to attitude which ultimately influences behaviour. On the 33 
other hand, travel behaviour is not only influenced by people’s preferences but also as a 34 
result of compromising many other factors including those relating to individuals, 35 
households and socio-demographics (Curtis and Headicar, 1997; Susilo et al., 2012; 36 
Susilo and Cats, 2014). Schade and Schlag (2003) found that there were positive 37 
associations among acceptability of urban transport pricing approaches with social norms, 38 
personal effect potentials and perceived effectiveness. Besides that, Beirão and Cabral 39 
(2007) and Shiftan et al. (2008) examined the relationship between mode choices and 40 
travellers’ attitudes, and found that potential users were attracted to the services that can 41 
accommodate travellers’ needs such as punctuality and reliability.  42 
 43 
The researchers paid particular attention to the habit of using a car as it is fundamental to 44 
understanding this mode choice behaviour (Anable, 2005; Susilo et al., 2012; Susilo and 45 
Cats, 2014; Ho et al., 2015). Psychology should be considered when studying the 46 
propensity to switch travel mode choice as environment issues and concerns and car 47 
dependency is increasing (Anable, 2005). Thus, promoting sustainable transport, such as 48 
encouraging walking and cycling, requires raising awareness of available sustainable 49 
mobility services, including public transport, with emphasis on key aspects such as 50 
accessibility constraints, basic safety and security, convenience and cost, enjoyment, and 51 
habit, all of which were identified as important by Schneider (2013). Whilst, Nkurunziza et 52 
al. (2012) and Li et al. (2013) demonstrated that bicycle commuting, in particular, is 53 
strongly related to personal motivation and attitudes. 54 
 55 
Some people think that they must change their behaviour to use more sustainable 56 
alternatives, whereas others do not. However, in a study by Susilo et al. (2012) almost all 57 
agreed that other people were required to change their actions to guarantee a sustainable 58 
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future rather than take action themselves. Travellers are aware of environmental 1 
problems, but their interpretations do not necessarily match their travel behaviour 2 
(Tertoolen et al., 1998; Anable et al., 2006b). According to Anable et al. (2006b), there are 3 
certain car-owner groups of travellers whose environmental concerns, as well as sense of 4 
responsibility, are greater than others. This suggests that there is potential for mode 5 
choice behaviour change. A recent study by Ho et al. (2015) clearly pointed out the need 6 
to provide information to travellers, such as the benefits of sustainable travel planning 7 
initiatives, to raise awareness and to generate positive attitudes towards green travel 8 
initiatives. They also went on to recommend that targeting relevant segments  in society 9 
would be more effective than adopting a generic approach aimed at the whole population 10 
(Ho et al., 2015). 11 
 12 
2.3 Addressing Behavioural Changes through Transport Policies: what is lacking in 13 
the current process? 14 
 15 
When it comes to sustainable transport, many policies targeted at reducing the pressure 16 
on the environment have not been fully effective because the behavioural characteristics 17 
of travellers were inadequately acknowledged (Urwin and Jordan, 2008). In this sense, 18 
different strategies targeting different segments in society are needed, as the populations 19 
are inspired by different aspects and are affected in different ways by policy (Anable, 20 
2005; Banister et al., 2012). Psychological studies conducted recently on this subject 21 
further confirmed that policies to date generally  have had only a limited effect, as they 22 
target the entire population in a uniform way (Hunecke et al., 2010; Prillwitz and Barr, 23 
2011). Semanjski et al. (2016) generated attitudinal segments and monitored them 24 
separately for behavioural changes. According to their results, segments of the population 25 
behave differently on modal shift and route choice decisions and those changes are often 26 
based on the purpose of their journeys.  27 
 28 
The BSA dataset has been used to analyse public attitudes to environmental concerns 29 
since the early 1990s. Taylor and Brook (1998) reported that people’s attitudes to the 30 
environment tended not to be used to support policies designed to lessen environmental 31 
impacts. As time has passed, an improved level of acceptance of sustainable policies 32 
(Taylor and Brook, 1998) has begun to be witnessed. After careful investigation, the 33 
authors of this paper identified that the BSA dataset is a suitable archive to enable policy 34 
makers to understand not only public attitudes to transport policy and how they vary 35 
between subgroups but also why different people have specific attitudes and from where 36 
these attitudes come, as these are fundamental to influencing behaviour change. 37 
 38 
As reported by Chapman (2007), long-term technological solutions are given considerable 39 
attention when addressing transport and climate change concerns. However, short-term 40 
behaviour change is seen to be important if the advantages of new technology are to be 41 
fully realised (Chapman, 2007). Anable (2005) and Boardman (2005) further confirm that 42 
policies to change behaviour and travel habits are crucial and potentially more important 43 
than technological approaches in the short-term. This indicates that a shift to sustainable 44 
mobility is unlikely if technological enhancement and modifications in the built environment 45 
are not combined with behavioural change. Therefore, this study sought to explore an in-46 
depth understanding of attitudes to and behaviours of travelling in the context of climate 47 
change and aimed to answer the research questions that emerged from the discussions 48 
as presented in the following section. 49 
 50 
3. RESEARCH QUESTIONS 51 
 52 
The research questions that emerged from the discussions are as follows: 53 
 54 
 Are some groups in the car user population more concerned and aware than others of 55 
climate change and environmental problems?  56 
 Do attitudes to and perceptions of climate change vary over time?  57 
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 Which group of car users are willing to take actions to help reduce climate change 1 
impact?  2 
 3 
The BSA dataset laid a strong basis for this study in order to answer the research 4 
questions stated above; so, it was taken forward for the analysis carried out in this study.  5 
 6 
4. DATA USED FOR THE STUDY 7 
 8 
In order to answer the research questions stated in section 3, the initial search for relevant 9 
data was conducted at the early stage of research. Accordingly, the BSA dataset was 10 
identified as the most appropriate to achieve the aim and objectives in this study. This is a 11 
representative survey of adults aged 18 and above. The BSA survey used random 12 
probability sampling to select respondents to participate in the survey to ensure that the 13 
data are not biased and they are representative of the British population. The samples 14 
were collected from a large population over a given period of time and classified as cross-15 
sectional data. 16 
 17 
The BSA survey has been carried out annually since 1983 in Great Britain (see Figure 1) 18 
specifically to collect various kinds of information and facts in different areas such as 19 
politics, health, education and social (NatCen, 2018). Attitudes to and behaviour of 20 
travelling are among the information collected through the BSA survey to examine the 21 
changes of attitudinal trends over time. In 2010, the transport section in the BSA 22 
questionnaire was changed so as to collect data regarding people’s attitudes towards and 23 
opinions of climate change in addition to information regarding travellers’ attitudes and 24 
behaviour in Great Britain. Therefore, the BSA data collected after 2010 were considered 25 
in this study.  26 
 27 
Previous research has shown that per capita rates of car use were influenced by patterns 28 
of land use, travel costs and the socio-economic characteristics of the population 29 
(Headicar, 2013). The National Travel Survey (NTS) in the UK shows that car ownership 30 
has risen in Scotland; however, the proportion of bus users there who have a car in their 31 
household has increased from 48% to 56% (Latinopoulos et al., 2013). 32 
 33 
The χ2 contingency test was carried out to ensure that the sample studied in this paper 34 
was representative of the distribution of samples across England, Scotland and Wales in 35 
the UK (see Table 1).  36 
Table 1: χ2   Contingency Test 37 
Countries 
Car users (sample)  Car users (population) 
Total 
O E O E 
England 854 872.8 3720 3701.2 4574 
Scotland 94 82.6 339 350.4 433 
Wales 66 58.6 241 248.4 307 
Total 1014 4300 5314 
        * O = observed value, E = expected value 38 
 39 
The sample was shown to be representative of the car user population. This research is 40 
presented in the context of sampling that is statistically significant to the three countries. 41 
There is no indication of the length of journeys by modes and therefore, the spatial 42 
consequences of behaviours cannot be analysed further. 43 
 44 
At the initial stage of this analysis, responses such as “not answered”, “skip this question”, 45 
and “can’t choose” were removed during the data cleaning process, bringing the final 46 
dataset to a total of 1014 respondents – 529 (2011); 485 (2014). The data for 2011 and 47 
2014 were specifically selected to give sufficient time in between to allow attitudinal 48 
changes that can be investigated to occur. In the next section, the methods used for data 49 
analysis will be described. Tables 2 and 3 present the demographic background of 50 
respondents and attitudinal variables used in this study respectively. 51 
 52 
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 1 
Table 2: Database Characteristics 2 
Variable                          Percentage 
(%) 
Variable                                  Percentage (%) 
Year Frequency travel by car as driver 
- 2011 52.2 - Every day or nearly every day 62.5 
- 2014 47.8 - 2-5 days a week 28.4 
Country - Once a week 5.6 
- England 84 - Less often but at least once a month 1.7 
- Scotland 9 - Less often than that 1.1 
- Wales 7 - Never nowadays                                                      0.7
Gender Frequency travel by car as passenger 
- Male 48.3 - Every day or nearly every day                                                   5.2
- Female 51.7 - 2-5 days a week 20.5 
Age - Once a week 26.9 
- 18-24 4.5 - Less often but at least once a month 17.9 
- 25-34 15.6 - Less often than that 12.7 
- 35-44 18.7 - Never nowadays 16.8 
- 45-54 20.5 Frequency travel by local bus 
- 55-64 18.0 - Every day or nearly every day 1.7 
- 65+ 22.6 - 2-5 days a week 5.4 
Household number - Once a week 5.7 
- One 22.0 - Less often but at least once a month 12.1 
- Two 38.5 - Less often than that 19.1 
- Three 16.2 - Never nowadays                                                  55.9
- Four or more 23.4 Frequency travel by train 
Current economic position - Every day or nearly every day 0.9 
- Employee (full-time) 41.8 - 2-5 days a week 2.0 
- Employee (part-time) 12.2 - Once a week 2.1 
- Self-employed (full-time) 6.2 - Less often but at least once a month 17.4 
- Self-employed (part-time) 2.1 - Less often than that 42.5 
- Waiting to take up work 0.2 - Never nowadays                                                  35.2
- Unemployed 3.1 Frequency travel by bicycle 
- Looking after the home 4.9 - Every day or nearly every day 2.4 
- Retired 24.3 - 2-5 days a week 3.8 
- In full-time education 1.6 - Once a week 6.5 
- Other 3.6 - Less often but at least once a month 7.7 
Car ownership - Less often than that 14.1 
- One 51.7 - Never nowadays                                                  65.5
- Two 37.6   
- Three 8.3   
- Four or more 2.5   
 3 
 4 
 5 
 6 
 7 
 8 
 9 
 10 
 11 
 12 
 13 
 14 
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Table 3: Attitudinal Variables 1 
Variable % Variable % 
1.  How serious a problem for you is 
congestion on motorways? 
 
- A very serious problem  
- A serious problem  
- Not a very serious problem  
- Not a problem at all  
 
 
 
9.0 
21.2 
43.7 
26.1 
2.  How serious a problem for you is 
traffic congestion in towns & cities?
  
- A very serious problem  
- A serious problem  
- Not a very serious problem 
- Not a problem at all  
 
 
 
11.9 
34.1 
42.0 
11.9 
3.  People who drive cars that are 
better for the environment should 
pay less to use the roads. 
 
- Agree strongly  
- Agree  
- Neither agree nor disagree  
- Disagree  
- Disagree strongly   
 
 
 
 
9.7 
44.6 
20.8 
20.7 
4.2 
4.  How serious a problem for you are 
exhaust fumes from traffic in towns 
and cities? 
   
- A very serious problem  
- A serious problem  
- Not a very serious problem  
- Not a problem at all  
 
 
 
 
14.9 
34.0 
37.9 
13.2 
5. There is no point in reducing my car 
use to help the environment unless 
others do the same 
 
- Agree strongly  
- Agree  
- Neither agree nor disagree  
- Disagree  
- Disagree strongly   
 
 
 
 
7.5 
49.3 
27.2 
12.5 
3.5 
6. For the sake of the environment 
everyone should reduce how much 
they use their cars  
 
- Agree strongly  
- Agree  
- Neither agree nor disagree  
- Disagree  
- Disagree strongly   
 
 
 
 
15.9 
50.8 
18.8 
10.7 
3.8 
7.  People should be allowed to use 
their cars as much as they like, even 
if it causes damage to the 
environment  
- Agree strongly  
- Agree 
- Neither agree nor disagree  
- Disagree  
- Disagree strongly   
 
 
 
 
1.4 
9.9 
16.9 
51.7 
20.2 
8.  For the sake of the environment, 
car users should pay higher taxes
   
- Agree strongly  
- Agree  
- Neither agree nor disagree  
- Disagree  
- Disagree strongly  
 
 
 
 
4.2 
24.8 
39.2 
27.7 
4.1 
9.  I am willing to reduce the amount I 
travel by car (To help reduce the 
impact of climate change)   
 
- Agree strongly  
- Agree  
- Neither agree nor disagree  
- Disagree  
- Disagree strongly  
 
 
 
 
5.2 
32.7 
18.1 
35.3 
8.6 
10. Next time I buy a car, I would be 
willing to buy a car with lower CO2 
emissions  
 
- Agree strongly  
- Agree  
- Neither agree nor disagree  
- Disagree  
- Disagree strongly   
 
 
 
 
24.2 
50.2 
14.2 
9.0 
2.5 
11. View on climate change and causes  
 
- I don t believe that climate change is taking place  
- I believe that climate change is taking place but not as a result of human actions  
- I believe that climate change is taking place and is, at least partly, a result of human actions 
 
 
5.7 
12.9 
81.4
  
 2 
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5. STEPS INVOLVED IN DATA ANALYSIS 1 
 2 
The BSA dataset used for the study covers a wide range of information such as 3 
traffic awareness, perceptions and actions, as well as environmental concern. 4 
These together represent attitudes to and perceptions of climate change. This 5 
section presents the data analysis methods used in this study to gain a thorough 6 
understanding of car users’ attitudes and perceptions of climate change and how 7 
they change over 3 years’ elapsed time from 2011. Several analysis techniques 8 
were applied to the data analysis: Exploratory Factor Analysis (EFA) was used to 9 
reduce the dimensions of the data by identifying factors that explain patterns or 10 
cross correlations within a set of observed variables (Mooi and Sarstedt, 2011); 11 
Multiple Correspondence Analysis (MCA) was used to analyse categorical data and 12 
transform them into clusters where the results can be represented in a graphical 13 
manner; Hierarchical Cluster Analysis (HCA) was carried out to establish the 14 
structure of the data and to segregate respondents based on their socio-15 
demographic characteristics such as age, gender, employment status and 16 
frequency of mode usage (namely every day, 2-5 days/week, once a week, and 17 
once a month); and Multinomial Logistic Regression Analysis (MLR) was considered 18 
the most appropriate technique to explore the content and potential uses of the 19 
dataset from different perspectives, allowing the changes of attitudes of car users to 20 
be analysed in greater depth. 21 
 22 
Exploratory Factor Analysis (EFA) 23 
 24 
EFA was conducted to simplify the array of data identified earlier to distinguish the 25 
most important factors, to explore the relationships among the variables and to 26 
understand the data structure in greater depth (Mooi and Sarstedt, 2011). By 27 
performing EFA, whether or not a large group of variables can be adequately 28 
explained by a smaller number of unobserved constructs, referred to as factors, was 29 
determined. 30 
 31 
Multiple Correspondence Analysis (MCA) 32 
 33 
MCA enables relationships between both row and column variables, as well as 34 
between different levels of each variable, to be investigated (Johnson and Wichern, 35 
2007). MCA is particularly useful when analysing more than two categorical 36 
variables and is used to detect and represent underlying structures in a dataset in a 37 
low-dimensional Euclidean space. Therefore, it is unique in describing the patterns 38 
geometrically by locating each variable as a point in a low-dimensional space and 39 
the variables distributed along the dimensions. The closer the distance between 40 
points represented in space, the categories become more similar in distribution 41 
(Johnson and Wichern, 2007). Even though MCA is considered as an exploratory 42 
tool for a dataset, it can be a very powerful and useful technique because it helps to 43 
reveal groupings of variable categories in the dimensional spaces, providing key 44 
insight into relationships between them. According to Das and Sun (2015), the MCA 45 
method helped measure significant contributing factors and degrees of association 46 
between factors through the analysis of the systematic patterns of variation within 47 
categorical datasets. 48 
 49 
Hierarchical Cluster Analysis (HCA) 50 
 51 
Cluster analysis is important to enrich the understanding of respondents’ 52 
demographic background in relation to attitudes and daily travel behaviour with 53 
appropriate attention to the available transport modes. Personal demographics 54 
considered included age, gender, employment status, car ownership and number of 55 
people living in the household, and values were based on the quantification of all 56 
qualitative variables that define the individual profiles of the respondents. Once the 57 
respondents were grouped into clusters, the characteristics of each cluster were 58 
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investigated by studying further their composition with reference to relevant socio-1 
demographic descriptors. 2 
 3 
Multinomial Logistic Regression Analysis (MLR) with Clustered Data 4 
 5 
After the respondents were clustered into groups depending on their social 6 
demographic as well as travel related characteristics, the next step was to take a 7 
closer look at how the clusters were linked to the factors obtained in EFA. In this 8 
study, the categorical dependent variables were the cluster membership and the 9 
explanatory variables were the factor scores. The results of each of these statistical 10 
techniques are presented and discussed in the next section. All the analysis was 11 
carried out using IBM SPSS Statistics V22 (IBM, 2013) and R packages (R core 12 
team, 2015). (Team, 2015) 13 
 14 
6. RESULTS AND DISCUSSION 15 
 16 
In this section, EFA is used to identify the key factors that are informed by the 17 
responses to BSA attitudinal questions. MCA and HCA are then used to segregate 18 
respondents into groups with similar characteristics. Finally, MLR is used to 19 
investigate which specific group(s) are more concerned about and/or aware of 20 
climate change issues as well as willing to take action to reduce its impact, and to 21 
observe the changes in attitude and perception over time. 22 
 23 
6.1 Exploratory Factor Analysis (EFA) 24 
 25 
The EFA follows a principal axis factoring approach with specified types of rotation 26 
methods, with the constructs based on those that exceed an eigenvalue of one. 27 
Tabachnick and Fidell (2012) suggested that if any of the absolute values of the 28 
factor correlation matrix is greater than 0.32, Promax rotation should be selected for 29 
oblique rotation. In contrast, if the absolute value is smaller than 0.32, Varimax 30 
rotation should be selected. Promax rotation is recommended initially to identify the 31 
absolute value of factor correlation matrix and, when applied to these data, the 32 
absolute value of the correlation between two factors considered in the analysis was 33 
0.57. Since this is greater than 0.32, the Promax rotation was selected for the factor 34 
analysis.  35 
 36 
The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy using Bartlett’s test 37 
of sphericity was used to test whether the variables are suitable for structure 38 
detection (Hotelling, 1933; Bartlett, 1950). Sarstedt and Mooi (2014) highlighted that 39 
a KMO value of less than 0.5 is considered unacceptable and over 0.80 is 40 
meritorious for sampling the adequacy of the correlations. Given a KMO of 0.75 in 41 
this research, the adequacy of the correlation is considered meritorious being so 42 
close to a value of 0.80.  43 
 44 
Table 4 presents the output from the principal axis factoring of attitudinal variables 45 
measuring respondents’ perceptions and climate change attitudes. Three factors 46 
were identified to represent respondents’ insights and behaviour towards climate 47 
change and were labelled as “traffic awareness”, “perceptions and actions”, and 48 
“environmentally sensitive”. 49 
 50 
 51 
 52 
 53 
 54 
 55 
 56 
 57 
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Table 4: Output from the Principal Axis Factoring – Car Users’ Perceptions of 1 
Climate Change and Attitudes to Travelling 2 
Statements F M SD 
Factor 1: Traffic Awareness 
How serious a problem for you is traffic congestion in towns and 
cities (Cong_Cities)   
0.82 3.00 0.85 
How serious a problem for you is congestion on motorways 
(Cong_MWs) 
0.63 2.00 0.90 
How serious a problem for you are exhaust fumes from traffic in 
towns and cities (Exhaustfumes) 
0.50 3.00 0.90 
Factor 2: Perceptions and Actions 
For the sake of the environment, car users should pay higher taxes 
(Tax_CarUse) 
-0.56 3.00 0.93 
People who drive cars that are better for the environment should pay 
less to use the roads (CarBetterPayLess) 
0.29 4.00 1.04 
I am willing to reduce the amount I travel by car - To help reduce the 
impact of climate change (ReducTravCar) 
0.51 2.00 1.11 
There is no point in reducing my car use to help the environment 
unless others do the same (ReducCarUse_NR) 
0.64 2.00 0.93 
People should be allowed to use their cars as much as they like, 
even if it causes damage to the environment (AllowCarUse) 
0.47 2.00 0.92 
Factor 3: Environmentally Sensitive 
For the sake of the environment everyone should reduce how much 
they use their cars (ReducCarUse) 
0.52 3.00 0.93 
Next time I buy a car, I would be willing to buy a car with lower CO2 
emissions (BuyLowEmi) 
0.50 3.00 0.97 
View on climate change and causes (CCView) -0.34 3.00 0.55 
KMO: 0.75 
Notes: 3 
KMO: Kaiser-Meyer-Olkin; F: factor loading; M: median; and SD: standard deviation  4 
 5 
6.2 Multiple Correspondence Analysis (MCA) 6 
 7 
The variables such as respondents’ age, gender, number of people in the 8 
household, car ownership, employment status and daily travel behaviour were given 9 
attention in the MCA. A two-dimension MCA solution was considered in the 10 
analysis, where the first and second dimensions respectively have the following 11 
features: eigenvalues, 2.73 and 1.71; inertia, 0.27 and 0.17; and Cronbach’s alpha, 12 
0.70 and 0.46. A satisfactory level for Cronbach’s alpha lies between 0.60-0.70, and 13 
a value smaller than 0.60 is acceptable in exploratory research as explained by 14 
Johnson and Wichern (2007). The possible reasons behind the small value include 15 
a limited number of questions, weak relationships between them, or heterogeneous 16 
constructs (Loewenthal, 2004; Johnson and Wichern, 2007).  17 
 18 
The MCA map in Figure 1 shows respondents in principal and categories in 19 
standard coordinates. MCA minimizes the sum of squared distances between 20 
category points and respondents. For each variable, a discrimination measure, 21 
which can be regarded as a squared component loading, is computed for each 22 
dimension. This measure is also the variance of the quantified variable in that 23 
dimension. A maximum value of 1 is achieved if the object scores fall into mutually 24 
exclusive groups and all object scores within a category are identical. Figures 1(a) 25 
and 1(b) present the locations of the variables that were identified by the MCA by 26 
mapping into a two-dimensional graph. Clearer relationships among positive and 27 
negative centroid coordinates for both dimensions can be seen in Figures 1(c) and 28 
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1(d). The variation explained by dimensions 1 and 2 was 27% and 17% 1 
respectively, yielding a total variance of 44%. 2 
 3 
 4 
 5 
 6 
 7 
 8 
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Figure 2: Result obtained from MCA:  2 
(a) MCA dimensions discrimination measures  3 
(b) Joint category plot of the explored variable categories  4 
(c) Positive and negative centroid coordinates for dimension 1 and 5 
dimension 2 6 
 7 
 8 
 9 
Table 5 presents how the variables are linked into dimensions 1 and 2.  10 
 11 
Table 5: Discrimination Measures 12 
 13 
Variables 
Dimensions 
Mean 
1 2 
Age 0.69 0.33 0.51 
Gender 0.01 0.09 0.05 
Number living in household, including respondent (HH#) 0.45 0.08 0.27 
Current economic position of respondent (EmpStatus) 0.66 0.37 0.52 
Car ownership of your household (Car#) 0.28 0.01 0.14 
Frequency travel by car as a driver (Car_driver) 0.14 0.31 0.22 
Frequency travel by car as a passenger (Car_passen) 0.07 0.29 0.18 
How often do you usually travel by local bus (Bus_user) 0.21 0.16 0.19 
How often do you usually travel by train (Train_user) 0.04 0.03 0.03 
How often do you usually travel by bicycle (Bike_user) 0.19 0.04 0.11 
Active Total 2.73 1.71 2.22 
% of Variance 27.27 17.09 22.18 
 14 
Stronger 
Age (1) 
Emp_status (2) 
HH# (3) 
Car# (4) 
Bus_user (5) 
Bike_user (6) 
Train_user (7) 
 
 
Dimension1>0 Dimension 1<0 
(1) Older-aged adults 
(2) Retired 
(3) One; two 
(4) One 
(5) Everyday ~ less 
than once a month 
(6) Everyday; never      
      nowadays 
(7) Once a week, less 
often than once/ month, 
never nowadays 
 
(1) Young, middle-aged 
(2) Employee 
(3) Three or more 
(4) Two or more 
(5) Never nowadays 
(6) 2-5 days a week   
     ~ less than once a 
month 
(7) Everyday, once a 
month 
Car_driver (1) 
Car_passen (2) 
Gender (3) 
Dimension 2<0 Dimension 2>0 
(1) 2-5 days/week ~  
     never nowadays 
(2) Everyday, 2-5  
     days/week 
(3) Female 
(4) Everyday ~  
     once/month 
(1) Everyday 
(2) Once/week ~  
     never nowadays 
(3) Male 
(4) Less than   
     once / month ~   
     never nowadays 
Poorer 
Household size 
Car ownership 
Sustainable modes users 
Stronger 
Poorer 
Active car users 
Gender factor 
(c) 
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The variable categories with larger values contribute the most to the definitions of 1 
dimensions. For example, age (0.69), employment status (0.66), number living in 2 
household (0.45), car ownership (0.28), bus user (0.21), bicycle user (0.19), and 3 
train user (0.04) are the most correlated with dimension 1. Likewise, the variables 4 
car driver (0.31), car passenger (0.30), and gender (0.09) are the most correlated 5 
with dimension 2. From the results and their graphical visualization, dimension 1 6 
was labelled as “socio-demographics and use of other modes” and the second 7 
dimension as “male and female car dependency”. 8 
 9 
6.3 Data Clustering  10 
 11 
The MCA assigns the individuals to different clusters and it can be identified as a 12 
pre-process for clustering where categorical variables were transformed into a set of 13 
continuous variables. This allows the coordinates for each respondent to be 14 
assigned to relevant clusters based on inertia (Ward’s criteria). This was identified 15 
as common practice especially for questionnaire analysis with categorical data 16 
(Husson et al., 2010). 17 
 18 
Socio–demographic characteristics and travel behaviour variables (as shown in 19 
Table 2) were used to conduct cluster analysis. Initially, datasets from 2011 and 20 
2014 were clustered separately to observe the similarity or differences occurring in 21 
two different time scales. The results showed the differences in travel related 22 
behaviour only, therefore datasets in 2011 and 2014 were combined when 23 
generating clusters. When the two datasets for 2011 and 2014 were combined, 24 
seven clusters were identified. Based on the clusters defined by the MCA based on 25 
Ward’s criterion, demographic profiles of all respondents for 2011 and 2014 were 26 
tabulated (see Appendix: Table A). As mentioned before, this study considers only 27 
car users. However, their level of car use is differentiated by the frequency of the 28 
usage. Since all clusters were dominated by car users, Car Engagement (CE – 29 
Active/ frequent/ inactive use of car) and Sustainable Transport Consumption (STC 30 
– Never/ infrequent/ occasional/often types of travellers using public transport/ 31 
bicycle) were considered as important attributes when defining clusters. The cluster 32 
descriptions are shown in Table 6. 33 
 34 
Through observation of the clusters formed, individuals in the dataset of this study 35 
are considered to be fairly homogenous in terms of travel behaviour, where a 36 
majority of the individuals either drive a car or travel as car passengers and only the 37 
second cluster show a slightly higher usage of bicycle. However, in different 38 
clusters, individuals show variations in socio-demographic characteristics such as 39 
age, gender, household size, car ownership and employment status.  40 
 41 
Cluster 1 indicates middle-aged females (35-54 years old) in full-time employment 42 
with two people living in the household, who owned and used two cars regularly as 43 
drivers every day or nearly every day, whilst using cars as passengers once a week 44 
only. Meanwhile, this group’s consumption of sustainable transport is fairly low. 45 
They reported that they never used buses and bicycles, but infrequently used trains 46 
for travel. These travel trends are similar to respondents in clusters 4 and 6. 47 
 48 
Cluster 2 indicates middle-aged males (35-54 years old) in full-time employment 49 
who mostly use cars as the driver and occasionally as passengers. Respondents in 50 
this cluster live in larger household sizes of four or more people and owned 1 car 51 
per household. This group shows a similar pattern in sustainable transport 52 
consumption as the first cluster. Interestingly, respondents in this cluster reported 53 
the frequent use of bicycles.   54 
 55 
Furthermore, Cluster 3 consists of older–aged females (55+ years old) who were in 56 
retirement. This group were recorded as frequently using cars as a driver, as well as 57 
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a passenger. This cluster includes respondents living in households of two, with only 1 
one car owned and used. However, their sustainable transport consumption levels 2 
are quite low given that, apart from buses, they never use trains and bicycles for 3 
travelling. 4 
 5 
In Cluster 4, there were middle–aged respondents (35 – 54 years old), who were 6 
males and in full–time employment. Respondents in this cluster were living alone in 7 
the household and owned 1 car per household. Respondents in this group used 8 
cars every day or nearly every day as a driver, and never as a passenger. What 9 
stands out in this group is that they never use public buses and bicycle for travel. 10 
However, they used trains occasionally. 11 
 12 
Cluster 5 consists of older–aged males (55+ years old) who were in retirement. This 13 
group were recorded as active car users as a driver. However, they never use a car 14 
as a passenger. This cluster includes respondents living in households of two, with 15 
only one car owned and used. Nevertheless, their sustainable transport 16 
consumption levels are very low, given that they never use buses, trains or bicycles 17 
for travelling. 18 
 19 
Table 6: Cluster Descriptions 20 
Cluster CE STC Descriptions 
1 - Active – driver  
- Occasional – 
passenger  
- Never use bus 
- Infrequent use of train 
- Never use bicycle 
- Middle – aged   
- Female  
- Full – time employee 
- HH#: 2 peoples 
- Car#: 2 cars 
2 - Active – driver 
- Occasional – 
passenger  
- Never use bus 
- Infrequent use of train 
- Occasionally use of bicycle 
- Middle – aged 
- Male 
- Full – time employee 
- HH#: ≥ 4 peoples 
- Car#: 2 cars 
3 - Frequent – driver 
- Frequent – 
passenger 
- Often use of bus 
- Never use of train 
- Never use bicycle 
- Older – aged 
- Female  
- Retired  
- HH#: 2 peoples 
- Car#: 1 car 
4 - Active – driver 
- Never – 
passenger  
- Never use bus 
- Infrequent use of train 
- Never use bicycle 
- Middle – aged 
- Male  
- Full – time employee 
- HH#: 1 people 
- Car#: 1 car 
5 - Active – driver 
- Never – 
passenger  
- Never use bus 
- Never use train 
- Never use bicycle 
- Older – aged 
- Male  
- Retired 
- HH#: 2 peoples 
- Car#: 1 car 
6 - Active – driver 
- Occasional – 
passenger  
- Never use bus 
- Infrequent use of train 
- Never use bicycle 
- Middle – aged 
- Female  
- Looking after the 
home 
- HH#: ≥ 4 peoples 
- Car#: 1 car 
7 - Active – driver  
- Occasional – 
passenger  
- Often use of bus 
- Occasional use of train 
- Never use bicycle 
- Young – aged  
- Male  
- Full – time employee 
- HH#: ≥ 4 peoples 
- Car#: 1 car 
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Cluster 6 consists of middle–aged respondents (35–54 years old), who were 1 
females and looking after the home. It is noted that they have bigger families (4 or 2 
more members living in the household), but owned only 1 car per household. 3 
Respondents in this group used cars every day or nearly every day as drivers, and 4 
occasionally as passengers. This cluster group never use public buses and bicycle 5 
for travel. However, they used trains occasionally. 6 
 7 
Finally, respondents who were younger-aged (18–34 years old), male, and in full–8 
time employment were grouped in cluster 7. It is noted that they have 4 or more 9 
members living in the household, but owned only 1 car per household. Respondents 10 
in this group used cars every day or nearly every day as a driver, and occasionally 11 
as a passenger. They also travel frequently by buses, occasionally by train, and 12 
never use bicycles for travel.  13 
The clusters obtained from MCA procedures, presented in Table 6, is used in the 14 
next section to construct a multinomial logistic regression analysis to investigate the 15 
significant relationships link with environment. 16 
 17 
6.4 Multinomial Logistic Regression Analysis with Clustered Data 18 
 19 
The results of the logistic regression analysis are presented in Table 7.  20 
 21 
Table 7: MLR Analysis Examining the Effects of Respondents’ Travel Behaviour 22 
towards Climate Change by Relating the Clusters to Related Factors 23 
Cluster 
classification 
Factors – EFA  2011 2014 
          Β p-value      Β p-value 
Cluster 1 
 Traffic awareness 0.36 0.10* 0.22 0.40 
 Perceptions and actions 0.12 0.73 0.87 0.02** 
 Environmentally sensitive 0.09 0.80 -0.81 0.03** 
Cluster 2 
 Traffic awareness 0.28 0.25 0.12 0.66 
 Perceptions and actions -0.25 0.51 0.33 0.43 
 Environmentally sensitive 0.29 0.44 -0.33 0.43 
Cluster 3 
 Traffic awareness 0.32 0.23 0.25 0.38 
 Perceptions and actions -0.17 0.67 0.53 0.20 
 Environmentally sensitive -0.10 0.82 -0.56 0.18 
Cluster 4 
 Traffic awareness 0.33 0.15 -0.01 0.96 
 Perceptions and actions 0.21 0.55 0.82 0.04** 
 Environmentally sensitive -0.01 0.98 -0.38 0.32 
Cluster 5  
 Traffic awareness 0.52 0.03** 0.06 0.80 
 Perceptions and actions 0.28 0.44 1.15 0.00*** 
 Environmentally sensitive 0.02 0.96 -0.61 0.10* 
Cluster 6 
 Traffic awareness 0.35 0.18 -0.05 0.87 
 Perceptions and actions -0.22 0.58 0.44 0.31 
 Environmentally sensitive 0.53 0.19 -0.53 0.22 
McFadden Pseudo R2 0.01      0.02 
No of samples                529      485 
Notes: *figures are significant at 90%, **figures are significant at 95%, ***figures are significant at 99% 24 
 25 
Cluster 7 was used as a baseline or reference category in the analysis to 26 
investigate how middle-aged adults and older-aged adults’ perceptions differ from 27 
the younger-aged adult group. Clusters have been used as dependent variable, 28 
whilst the factors discussed in section 6.1 were used as independent variable. The 29 
model explains between 4% (Cox and Snell R-square) and 4% (Nagelkerke R-30 
square) of the variance in respondents’ travel behaviour towards climate change 31 
concerning the cluster groups to factor obtained by EFA. 32 
 33 
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Overall, the following conclusions can be drawn in comparison with Cluster 7. 1 
Respondents in Cluster 1 have a significant positive relationship with factor 1 (traffic 2 
awareness) in 2011 and factor 2 (perceptions and actions) in 2014. Whereas the 3 
negative significant relationships exist with factor 3 (environmentally sensitive) in 4 
2014. 5 
  6 
It can clearly be seen that respondents in Cluster 2, Cluster 3 and Cluster 6 have no 7 
significant factors emerging from 2011 to 2014. In addition, respondents in Cluster 4 8 
in 2011, showed no significant relationships between all factors. However, by 2014 9 
they had begun to accept the need for action as can be seen by a positive 10 
significant association with factor 2 (perceptions and actions). Furthermore, 11 
respondents in Cluster 5 have similar relationships with respondents in Cluster 1 12 
towards factors 1 to 3 in 2011 and 2014.  13 
 14 
Generally, it can be concluded that Cluster 1 (middle–aged, female, full–time 15 
employee) and Cluster 5 (older–aged, male, retired) are still not willing to give up 16 
the car, but are more conducive to traffic awareness and actions taken. This 17 
indicates that these groups are supportive of reducing the amount of travel by car 18 
and willing to pay higher taxes to use cars for the sake of environment. However, 19 
negative associations that emerged between these groups with factor 3 20 
(environmentally sensitive) indicate that they were not sensitive about the 21 
environmental and climate change issue that is taking place as results of human 22 
actions. 23 
 24 
7.  CONCLUSIONS AND RECOMMENDATIONS  25 
 26 
This study investigated the attitudes to and behaviour of travelling from a climate 27 
change perspective within a 3 years’ timescale using the BSA survey dataset for 28 
2011 and 2014. The dimension reduction process by means of factor analysis 29 
resulted in three main factors: “traffic awareness”, “environmentally sensitive”, and 30 
“perceptions and actions”. However, seven clusters emerged when the datasets for 31 
2011 and 2014 were combined together to gain further insight into groups with the 32 
similar views. The core of this study was to investigate the relationships between 33 
key factors that were informed by responses to attitudinal variables and clusters that 34 
were segregated by MCA analysis. 35 
 36 
Behavioural change of car users is not straightforward given the large range of 37 
factors governing their travel decisions. Local authorities with constrained budgets 38 
require evidence to help them introduce policies that will have significant impact on 39 
car use. Therefore, it is necessary to understand which specific groups of car users 40 
are more inclined to change to sustainable modes so that ultimately targets can be 41 
met. 42 
 43 
Seven clusters were emerged when data for 2011 and 2014 were combined, which 44 
provides evidence of the high proportions of people using their cars predominantly 45 
in daily travel activities. However, whilst the majority of respondents are strongly 46 
car-orientated, a significant minority who are susceptible to change were found in 47 
Cluster 2. These were middle-aged male (35-54 years old) in full-time employment. 48 
Cluster 2 represents groups of respondents who have moderate consumption of 49 
travel and dependency on sustainable transport. 50 
 51 
These clusters were then used to conduct MLR. Although not the same individuals 52 
in the two years, the MLR analysis revealed that car users in Clusters 1, 4, and 5 53 
described as middle-aged males and females in full time employment and older-54 
aged males in retirement, respectively, in 2014 exhibited an increased likelihood of 55 
holding a positive attitude towards “perceptions and actions” regarding climate 56 
change than the similarly described cohort in 2011. Therefore, this group is identified 57 
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as appropriate car users who could be targeted and is estimated to be the most 1 
prone to act to help reduce the impact of climate change and were the most likely to 2 
be willing to switch travel modes. A new sustainable policy to encourage mode shift 3 
to sustainable modes would be more likely to succeed if tailored to this group.  4 
 5 
The results confirm that the population is not uniform in terms of their attitudes and 6 
motivations to reduce CO2 emissions from personal travel. Therefore, a common 7 
solution to encourage more sustainable transport behaviours was unlikely to be 8 
effective for different groups. The results also show that the cluster groups that exist 9 
are not defined or differentiated by demographic features alone but also their travel 10 
behaviour.  11 
 12 
Finally, this study answered the research questions raised at the beginning. From 13 
the findings, people from Cluster 1 (female, middle-aged adults, FT employee) and 14 
Cluster 5 (male, older-aged, retired) changed their concern about “traffic 15 
awareness” to “perception and action” within 3 years. The key finding from the 16 
responses to attitudinal questions was that while increasing individuals’ 17 
understanding of climate change appeared to increase their willingness to change 18 
their travel behaviour, there were only slight changes in actual travel behaviour. For 19 
example, people in Cluster 5 never use sustainable transport, but they believe that 20 
“perceptions and actions” of reducing climate change should be taken into 21 
consideration. It is clearly seen that over the 3 years, some people changed their 22 
mind from traffic awareness to perception and action, but became less 23 
environmentally sensitive.  24 
 25 
To the best of our knowledge, this research is different from other research in 26 
particular respects. A cross-sectional dataset was used in previous studies (Anable, 27 
2005; Prillwitz and Barr, 2011; Susilo et al., 2012), whilst this research compares 28 
two datasets in parallel to investigate the attitudinal changes with the important 29 
factors obtained in different time periods. The results from this research were 30 
comparable with several other recent studies from different countries such as 31 
Sweden (Liu et al., 2016), Norway (Aamaas and Peters, 2017), and Germany 32 
(Reichert et al., 2016). In addition, this research is similar to (Waygood and Avineri, 33 
2016) in terms of gender and the impact of behavioural response conducted in two 34 
transition countries (Brazil and China) and three developed countries (Great Britain, 35 
Italy, and Spain). Furthermore, the application of these methods can be applied also 36 
to similar research from developing countries, where the traffic congestion and 37 
environmental problems are greater compared to the UK, to investigate their 38 
attitudes and travel behaviour patterns, whether the similarity in attitudes and 39 
behaviours exist or not.  40 
 41 
Therefore, it can be claimed that whilst the methods and subsequent results are for 42 
a case study application in the UK, they do have international relevance. 43 
 44 
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APPENDIX 1 
Table A: Cluster Description for 2011 and 2014 2 
1 (28%) 2 (12%) 3 (10%) 4 (17%) 5 (20%) 6 (9%) 7 (6%)
18-34 (young adults) 30 23 0 15 0 41 53
35-54 (middle-aged adults) 50 67 2 50 8 52 47
55+ (older adults) 20 10 98 35 92 7 0
Male 41 55 43 52 59 30 60
Female 59 45 57 48 41 70 40
One 16 7 28 36 32 16 5
Two 33 24 67 34 53 23 32
Three 22 17 5 13 10 24 23
Four or more 28 53 0 16 5 37 40
Employee (full-time) 68 62 0 62 0 0 88
Employee (part-time) 19 24 0 21 0 0 9
Self-employed (full-time) 9 11 0 14 0 0 2
Self-employed (part-time) 4 3 0 2 0 0 2
Waiting to take up work 0 0 1 0 0 1 0
Unemployed 0 0 2 0 0 33 0
Looking after the home 0 0 4 0 4 44 0
Retired 0 0 92 0 79 1 0
In full-time education 0 0 1 0 1 16 0
Other 0 0 0 0 17 5 0
One 36 31 74 69 64 48 46
Two 49 50 24 26 29 38 44
Three 11 17 1 3 6 11 5
Four or more 4 2 1 2 2 2 5
Every day or nearly every day 76 61 24 79 53 56 54
2-5 days a week 19 30 54 16 40 31 23
Once a week 2 7 10 4 6 7 12
Less often but at least once a month 1 2 3 1 1 2 7
Less often than that 2 0 3 0 0 3 0
Never nowadays 0 0 5 0 0 0 4
Every day or nearly every day 8 7 7 0 3 9 5
2-5 days a week 28 22 38 0 17 24 19
Once a week 39 31 36 3 17 29 49
Less often but at least once a month 21 16 11 17 19 17 21
Less often than that 4 11 4 28 22 10 4
Never nowadays 1 13 3 53 24 10 2
Every day or nearly every day 0 0 4 1 0 3 14
2-5 days a week 1 0 26 2 4 6 19
Once a week 2 2 22 5 7 3 9
Less often but at least once a month 10 5 22 10 11 15 26
Less often than that 21 20 14 18 24 11 14
Never nowadays 65 74 13 64 55 61 18
Every day or nearly every day 0 0 0 1 0 0 14
2-5 days a week 1 1 2 1 0 1 19
Once a week 1 2 4 2 1 1 9
Less often but at least once a month 19 16 21 18 13 18 19
Less often than that 50 57 34 43 33 40 25
Never nowadays 28 24 39 36 53 39 14
Every day or nearly every day 0 12 7 0 0 2 0
2-5 days a week 0 20 9 0 0 3 4
Once a week 2 29 10 2 0 6 14
Less often but at least once a month 6 32 7 4 1 3 7
Less often than that 22 7 1 20 8 14 16
Never nowadays 70 0 65 74 91 71 60
How often 
nowadays do 
you usually 
travel by train
How often 
nowadays do 
you usually 
travel by bicycle
Cluster
Household 
number
Current 
economic 
position of 
respondent
Car Ownership
How often 
nowadays do 
you usually 
travel by car as 
a driver
How often 
nowadays do 
you usually 
travel by car as 
a passenger
How often 
nowadays do 
you usually 
travel by local 
bus
Main Category Sub Categories
Age
Gender
 3 
Notes: 4 
The shares are in percentages. 5 
The red figures are related to the highest shares that linked in to the cluster classification 6 
